T
he Danish microbiologist Hans Christian Gram developed a staining technique (1884) that classifies most bacteria into two large groups that are referred to eponymously, as Gram-positive and Gram-negative bacteria (1) . His stain is still used in medical microbiology labs today, and because of its explanatory power, this classification is the most commonly used descriptor of a particular bacterium in scientific reports. It has been clear since the beginning that the Gram stain must detect some fundamental difference in the cell envelopes of these two types of bacteria, but elucidating cell envelope structure, particularly in the case of Gram-negative bacteria, required 80 years and the development of thin-section electron microscopy.
In a classic Journal of Bacteriology paper, Bladen and Mergenhagen (2) showed clearly for the first time that unlike the cell envelopes of Gram-positive bacteria, which contain a thick peptidoglycan cell wall that surrounds a single membrane, the cell envelopes of Gram-negative bacteria are composed of three structural entities: an inner or cytoplasmic membrane, a thin, rigid cell wall, and an outer membrane. They demonstrated by using lysozyme that the structure between the two membranes is the peptidoglycan and by using selective extraction that the characteristic glycolipid found in Gram-negative bacteria, lipopolysaccharide, is present in the outer membrane. These authors coined the term "outer membrane."
This work helped explain that the thick "cell wall" previously observed in electron micrographs of Gram-negative bacteria was really tightly associated outer membrane and peptidoglycan. It also revealed an aqueous cellular compartment between the two membranes that is now called the periplasm, and this helped solve another paradox. Both Gram-positive and Gram-negative bacteria express degradative enzymes such as DNase, RNase, and alkaline phosphatase. In Gram-positive bacteria, these enzymes are secreted or attached to the cell surface. In Gram-negative bacteria, these enzymes are cell associated and soluble. They do no harm because they are confined to the periplasm (3).
